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B MEKPKRINBREEA AT LR L L EZTETEHLMNKP AHBEH REH ;KA PCR %43 RyhB £ B,
HR AR KPRBAHES A 4 At h £ A wt s F EHEM XL FMHACRKP) 6 4 (E 13.0%), A )
RN BB AT K L E A8 (ESBLsKP) 18 # (b 39.1%), % T @t 25 8% £ £ F 18 B (MDRKP) 13 # (b
28.3%) @AM E L EFEME (HVKP) 9%k (k 19.6%), HERBHLAT 3 ATREEY T 11 4k 23.9%),
sl A S (B 17.4%) A @ M 7 (b 15.2%), CRKP A 4 & 4t A 4k T & ESBLsKP,.MDRKP(P <
0.05); HVKP & # 2% & 4t 41 1& T = ESBLsKP.MDRKP(P <0. 05); CRKP 5 HvKP 4 % B & 4t h b4k £
F Y F &L (P=0.802); 7 ESBLsKP 5 MDRKP A % B AR ik A4 £ F L%t 5 & L (P =0.466),
7 ESBLsKP ## MDRKP # f£ 45 %M 4% ,CRKP ## HVKP R A A#H FHE£% ., RE® % AR5 RyhB A B &
EURBEVERESAMBEHB RN A A A RhWDBEARMAREEN , 2 FHABBEHBRAED TR, it #Zmw/~
ESBLsKP #= MDRKP # %2 3% 69 £ 4 B A #8671 9F & 5 45 RyhB A B ,RyhB & B B 45 KP A4 656 %,
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Abstract: Objective To investigate the relationship between the biofilm formation ability of Klebsiella
pneumonia (KP) and the RyhB gene of different drug-resistant phenotypes isolated from respiratory tract in-
fection and its clinical significance. Methods A total of 46 KP strains isolated from respiratory tract infections
in this hospital were collected from October 2018 October 2019, the drug resistance of the strains were detec-
ted; KP in vitro infection model was constructed and the KP biofilm formation ability was quantitatively de-
tected by crystal violet staining; the RyhB gene was amplified by PCR. Results A total of 46 KP strains were
divided into 4 drug-resistant phenotypes based on the drug resistance spectrum,and 6 strains of carbapene-
mase-resistant Klebsiella pneumoniae (CRKP) ,accounted for 13. 0% ; 18 strains of extended-spectrum f-lac-
tamase-producing Klebsiella pneumoniae (ESBLsKP) ,accounted for 39.1%; 13 strains of multi-drug resistant
Klebsiella pneumoniae (MDRKP) , accounted for 28. 3% ; 9 strains of highly virulent Klebsiella pneumonia
(HvKP) ,accounted for 19. 6%. The top 3 department sources were intensive care unit (11 strains,accounted
for 23. 9%), respiratory (8 strains, accounted for 17. 4%), and neurosurgery (7 strains, accounted for
15.2%). HvKP biofilm formation ability was lower than ESBLsKP and MDRKP (P <C0. 05); CRKP and
HvKP biofilm formation ability were not statistically different (P =0. 802); ESBLsKP and MDRKP biofilm
formation ability were not statistically different (P = 0. 466). There were specific bands in ESBLsKP and
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MDRKP, but there were no specific bands in CRKP and HvKP. The interaction between different drug resist-

ance phenotypes and RyhB gene expression was related to the biofilm formation ability,and when the RyhB

gene was negatively expressed,it would cause the biofilm formation ability to decrease. Conclusion The ES-

BLsKP and MDRKP of the hospital have strong biofilm formation ability and are easy to carry RyhB gene. Ry-

hB gene positively regulates the synthesis of KP biofilm.
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1.5 qPCR ¥4 RyhB FEH 4K M 20 5 5 RNA $2H
A Al U BB 3R B RNA 1 AR, 2% Sk
[11]i&% 3 RyhB £ H 51 % F 5] (GT44.5-GGA TCC
GCA AGG GTC TCC CTG-3',GT45:5'-AGA TCT
CGG TTC AGC ATG GCG TAT C-3") Mi%%E PCR
A, qPCR ¥ 1% RyhB 3 i F B AK I F 2 8%
RNA #H.51#7 .2 X qPCR buffer.Taq Mix & fi# )5 vK
&L R NARFR N 25 pl:2X qPCR buffer 12,5 plL,
EXHIW T pL R L5148 1 pL,RNA #ifl 1 L, Tag
Mix 0.5 pL.ddH,O il %E 25 pl, EHIRA G T
O 5 R MR B A IS, K R IR TR 45 °C,
qPCR S W 2614 0« St s il B 45 °C . 30 min; 95 °C
AP 2 min; 94 C7Z28ME 30 5,58 ‘CiB & 30 5,72 °C
FEfH 30 5,35 PMEH ;72 CHEAH 5 min, qPCR f=#4
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2.1 KP Wit 25 R B0 4 R R 0 A 46 Bk KP AR
P A [6) ) i 245 35 e AiE 0T 43 SR 4 A>T 25 3R A,
CRKP 6 # (/5§ 13. 0%). /™ ESBLsKP 18 ¥k (/4
39.1%) . MDRKP 13 ¥k (5 28.3%), HvKP 9 ¥k (5
19.6%). 46 #k KP B RIFEHEA AT 3 W EIE L=
(ICU) 11 #R (Y 23.9%) ,FFIE AL 8 ¥R (/5 17. 4 %) ,
SR T RRGE 15.2%) , IL#E 1,

x1 16 %k KPHRI=ES

Pl WG R0 (B WG MR )
ICU 11 23.9 i g Aok 3 6.5

I 1 8 17.4 bz A 2 4.3

[ EZYIN 7 15.2 e B 1 2.2
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2.2 4 FPORTE N 25 2B KP 4= 9 I i BE T 22 5 4%
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Pk HvKP A= 9 B TE 1 g 1 35 20 55 BH %, 18 #k 7= ES-
BLsKP 2E ¥ B2 Wt fig 71 ¥ o o 45 B M, 13 #k
MDRKP A9 B IE 1 RE 71 3 o v 45 B . S [) 41 9]
B A I I RE T 22 R A G 1T % B L (F = 38, 444,
P<C0.05) ,CRKP A ¥ T i ik 71K F 5= ESBLsKP,
MDRKP(P<0. 05) ; HVKP 4= ¥ K 5 g S A% T 7
ESBLsKP, MDRKP (P<C0.05); CRKP 5 HvKP [t
L. ESIG G FE L (P =0.802); 7" ESBLsKP 5
MDRKP #, 2 5 LG it 28 L (P =0. 466), UL
%2,

2.3 4 FPOR[EIT 25 22 B KP A9 RyhB 5§ 34 f 9k
G5y Hr 77 ESBLsKP Ml MDRKP 7 78 5 5 1 4%
(KN 200 bp) , CRKP F1 HVKP A AE1E 4 Fe Pk 45
i, qPCR ¥ 8 RyhB 3 H A9 BH P =8 40 7 5 78
NCBI i d B #E 47 L XS 43 01, 45 B — 30, KN R 25 200
bp, K& T 52 % 49 RyhB K 455 X (91 bp) fii F
yhhY FIEE#IE A ORF ZE., WE 1.

2.4 RyhBHHEEYE KP 4 Y EIE 6 6E J1 & B4
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M A J7 A i 1109 ZR 5 B RO R IR AR . X
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0. 05, Bt BA L3¢ 1 JZ 90t A ) IR TR B RE 1 19 52 I A 52
THeE .= —0. 059, YL 24 41 5| iy CRKP H %A
FEHERT , A WY B RE 1 M T 2 BIRZ 38 T R
T 0.059 AHLA, AR ) Y AR BE 52 B ) SC IR X 4l
5l=HvKP X RyhB JL [ % ik = B, K2 56 P <<0. 05,
Ui B M A8 B2 RN AR W B BB T B 5 A e A
B .B=—0.057, UL B 241 5| & HvKP HEKH Kk
FIPERS , A= W BEOE Wi ie X TS RIZ P TR T
0. 057 AN ERAT, 5 A4 W) BEIE B BE 77 52 4 1) G B 5 X 4
A =7= ESBLsKP X RyhB & [F £ ik = fHPE, K 46 P>
0. 05, Bt BH L 38 B J2 96 A ) KTV % R 71 19 5% ) JC 52
T2 . 45 R KW, E CRKP & HvKP & #
RyhB K 3235 0 B4, L 55 3 i 21 51 5 X 3% 55 o FH
PE LA AE VIR e T 25 N R s AR 25 R B 5 Ry-
hB 3 R ¢ 3k 19 22 BAE 5 4= W I il Be A 56 (P <<
0.05), H RyhB JE PR B 4 3 3k i), 23 5 B4 Y IROE i
eI T RE. WL 3,
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N o/
. B L
M BE TR ER
CRKP HvKP  —0.002 0.009  0.802 —0.021 0.017
7 ESBLsKP —0.063  0.008  0.001  —0.081 —0,047
MDRKP ~ —0.059  0.009  0.001  —0.077 —0.041
HvKP CRKP 0.002 0.009  0.802 —0.017 0.021
7 ESBLsKP —0.062  0.007  0.001  —0.076 —0, 047
MDRKP —0. 057 0. 008 0. 001 —0.072 —0.041
72 ESBLsKP  CRKP 0.063 0.008  0.001 0.047  0.081
HvKP 0.062 0.007  0.001 0.047  0.076
MDRKP 0.005 0.007  0.466 —0.008 0.018
MDRKP CRKP 0.059  0.009  0.001 0.041  0.077
HvKP 0.057 0.008  0.001 0.041  0.072
7= ESBLsKP —0.005  0.007  0.466  —0.018  0.008
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311~ 14 ¥k i S5 MDRKP ¥ #% %4 ; 15 ~ 16 ¥k i 25 HvKP §" 1§

A1 RyhB £ A (PCR ¥ 18 8 ik &
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FE TN A0 DA AL L R T 2 W A A DL SR B AR AT
AT R EUGIRPURE 2R 7 SR 221 . RS
WCHE Y 46 Rk KP 20 B /9 TAF S BR R IR [ — i 3
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F . CRKP & 4 FlAS [6] i 24 ¢ AU v i 245 1 55 5 19 7
Bk AH R AW B BURE 1 R 5 Bk CRKP A 85 PHME (1
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it 245 14 OC & 0 HARAL RIS A FE iE— 2B 5T .
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FESEAR mRNA 20 TR KB ANB 7 A R E 8
IR RO B T B S AR T Y A Ol N IR B Y
RE A8 F 2 11 5 28 19 0 g R B — 2B G A /1
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J& FARH AL /N RNAY , f T B R 40 5 v 1 5 AR
P25 W IR #5 RN 7E 76 RyhB1 1 RyhB2 4h. 4 K 2 %0 2
A 14 RyhB, W5 £, 86k = B RyhB # i T 4
A P AR T 2R Y S G, RyhB R B i 358 ) 57

F A P A T Fur B2 DL4E R R 9 87450, KP
i) RyhB K/NR 91 bp, KA ¥R & B 1) RyhB K/Nh
90 bp, A Z A FENE YA 92, 3% . KBk A B Ry-
hB 3£ 7 F yhhX 1 yhhY Z 8], i KP #) RyhB %
HALF yhhY FEEILEE B ORFE 08, H w55 [ i
NS B8 28 b o D 2 20 R TR T ARG I KP A= 9 TR 1 1 A
WEJT %, F3— PPl R SR RN AR SR 88 e e
Tl AR AR ARG I B 7 32 o A= 0 B o6 P IR G B IR T
FIIE B 2 JE 245 ) 1) O 6 A 1 43 F 2 A I R 3 .
AWK qPCR B3 14 4 Fp A 6] i 25 55 80 KP fY
RyhB 3£, H v 7= ESBLsKP fil MDRKP 7 7F $# 5
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RyhB 3 H %35 5 KP A ) Y 5 RE 1 19 536 1 43 B
Fe],RyhB SL 5 & 50 KP A= ¥y [ IE 1 i o 2 8 15
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